AIF EXPRESSION AND LOCALIZATION.
AIF is strongly conserved among mammalian species (92% aa identity in the whole protein between mouse and man). The mouse AIF cDNA codes for a protein which is organized in three domains (i) an amino-terminal mitochondrial localization sequence (MLS) of 100amino acids; (ii) a spacer sequence of 27aminoacids; and (iii) a carboxyterminal 485 amino acid domain with strong homology to oxido reductases from other vertebrates (X. laevis), non-vertebrate animals (C. elegans, D. melanogaster), plants, fungi, eubacteria, and archaebacteria (6) . The AIF gene is located on the X chromosome (Xq24/225) and is ubiquitously expressed, both in normal tissues and in a variety of cancer cell lines (7) . The mature AIF protein, a flavoprotein (prosthetic group: FAD) with significant homology to plant ascorbate reductases and bacterial NADH oxidases, is normally confined to the mitochondrial intermembrane space (5, 8) . Accordingly, transient transfection of COS cells with green fluorescent protein (GFP) fused to the C-terminus of AIF to generate a chimeric AIF-GFP protein, targets GFP to mitochondria (9) . When cells are induced to undergo apoptosis, AIF is released from mitochondria to the cytosol and translocates to the nucleus. This has been confirmed using all available methods for the determination of the subcellular localization of AIF: in situ immunostaining (5, 8, 10) , transfection with AIF-GFP (9), and subcellular fractionation (5,10).
AIF AS A NOVEL DEATH EFFECTOR.
When added to purified nuclei, AIF induces peripheral nuclear chromatin condensation, as well as large scale (~50 kbp) DNA fragmentation. If microinjected into the cytoplasm of normal cells, recombinant AIF suffices to cause several hallmarks of apoptosis including the condensation of nuclear chromatin and the exposure of phosphatidylserine on the plasma membrane surface (5,9,10). These alterations are rapid (30-120 min) and are not prevented by addition of the pan-caspase inhibitor Z-VAD. Fmk (5, 10) . Moreover, they are not affected by over expression of the anti-apoptotic protein Bcl-2 (5). Similar in vivo effects have been obtained by transfection-enforced over expression of a truncated AIF-GFP construct misdirected to the extra-mitochondrial compartment due to the deletion of the N-terminal MLS (AIF-GFPD1-100) (9) . Thus, extra mitochondrially targeted AIF is a dominant death inducer.
CONTRIBUTION OF AIF TO CELL DEATH.
The intracellular neutralization of extra mitochondrial AIF by microinjection of an AIF-specific antibody has established two alternative models of the AIF involvement in cell death. In mouse embryonic fibroblasts, AIF neutralization only abolishes nuclear apoptosis when theapoptosome/caspase-3/CAD pathway is simultaneously blocked by genetic invalidation of Apaf-1 or caspase-3, addition of the pancaspase inhibitor Z-VAD.fmk, or microinjection of ICAD (11) . Such data indicate the coexistence of two alternative pathways linking mitochondria to nuclear apoptosis, one that requires AIF and another that relies on caspase activation. In sharp contrast, in other models of cell death (Rat-1 cells treated with staurosporin or HeLa cells dying upon interaction between the HIV-1envelope glycoprotein complex and CD4/CXCR4), microinjection of AIF antibody blocks the release of cytochrome c and subsequent caspase activation (while cytochrome c neutralization and caspase inhibition do not affect the release of AIF), placing AIF upstream of the cytochrome c/Apaf-1/caspase/CAD pathway (5,10). Accordingly, when added to purified mitochondria in combination with cytosolic extract, recombinant AIF causes the permeabilization of the outer mitochondrial membrane, leading to the release of cytochrome c and subsequent caspase activation (5). Moreover, transfection-enforced overexpression of AIF in Rat-1 cells (9) or microinjection of recombinant AIF into HeLa syncytia (10) can trigger the release of cytochrome c from mitochondria. These results have been confirmed in embryonic stem cells in which the AIF gene has been ablated.
CONCLUSION.
AIF may act as a facultative signaling molecular upstream (or at the level) of mitochondria, as well as death effector downstream of mitochondria. More over, our data underline that mitochondria contribute to apoptosis regulation via a variety of mechanisms.
